Based on the empirical firm growth literature and on heterogeneous (microeconomic) adjustment models, this paper empirically investigates the impact of European industry fluctuations and domestic business cycles on the growth performance of European firms. Since the implementation of the Single market program (SMP) the EU 27 member states share a common market. Accordingly, the European industry business cycle is expected to become a more influential predictor of European firms' behavior at the expense of domestic fluctuations. Empirically, the results of a two-part model for a sample of European manufacturing firms reject this hypothesis. Additionally, subsidiaries of Multinational Enterprises (MNEs) constitute the most stable firm cohort throughout the observed business cycle.
Introduction
The global economy, especially industrialized regions such as the United States of America (USA) and the European Union (EU) However, the domestic market might still be important, especially for small firms, since these firms more probably serve the domestic market only (see, e.g., Aw and Lee 2008) . This paper contributes to the understanding of the influence of business cycles on firm performance in three ways: (i) It disentangles the impacts of 1 (overall) European industry fluctuations and domestic business cycles, (ii) it takes non-reaction of firms (i.e. zero growth rates) explicitly into account and (iii) it distinguishes between purely national firms and subsidiaries of multinational enterprises (MNEs). 2 In addition, this paper combines the empirical firm growth literature and heterogeneous (microeconomic) adjustment models and tests for heterogeneous reaction to business cycle movements of different firm cohorts.
In general, the empirical firm growth literature tests for the (ir)-relevance of certain firm characteristics with respect to the growth dynamics of individual firms. Thereby, special attention has been put to the effect of (initial) firm size, usually measured in terms of employment, on firm growth (Gibrat's law of proportionate growth) and whether convergence in firm size for a given age cohort is observable (see Evans 1987a; Sutton 1997; Audretsch, Klomp, Santarelli and Thurik 2004; Bellak 2004; Cabral 2007 for surveys on the empirical firm growth literature).
Based on the seminal contribution of Caballero and Engel (1993) , the heterogeneous (microeconomic) adjustment models explain the probability of reaction and the extent of the reaction to a common external shock as a function of the absolute difference between the desired and the actual state of a certain microeconomic unit. 3 Consequentially, some microeconomic units (i.e. firms) react to a common shock while others remain in their actual state. This, in turn, generates heterogeneity in the observed reactions. The overall reaction depends on the cross-sectional distribution of the difference between the desired and the actual state across all units. 4
Combining the empirical firm growth literature and heterogeneous adjustment models, the empirical specification in this paper allows for heterogeneous adjustment to European industry fluctuations and domestic business cycles of several firm cohorts. The structure of the European firm level 2 European industry fluctuations and domestic business cycles are measured using value added data, whereas firm growth is measured in terms of employment.
3 Some extensions of the basic structure of the heterogeneous adjustment model, investigations of special policies and studies of lumpy investment behavior have been put forward by i.a., Caballero and Engel (1999) ; Cooper, Haltiwanger and Power (1999) and Adda and Cooper (2000) .
4 Cooper (1998) surveys the heterogeneous (microeconomic) adjustment models and compares their policy implications with conclusions drawn from two other (large) strands of the theoretical business cycle literature (i.e. stochastic growth models and macroeconomic complementarities). data at hand (provided by AMADEUS database) supports a two-part model.
The first part allows to capture the probability of reaction to business cycle fluctuations whereas the second part examines the extent of the observed reaction.
In contrast to existing related empirical literature, this paper focuses on a large sample of firms observed over only one European business cycle (2000 to 2003) . Higson, Holly and Kattuman (2002) and Higson, Holly, Kattuman and Platis (2004) analyze the impact of several business cycles on cross-sections of quoted firms in the United States and the United Kingdom.
However, they are interested in the evolution of the long-run cross-sectional moments of the firm growth distribution over time while this paper analyzes the impact of short-run business type fluctuations on the growth performance of firm cohorts which share comparable characteristics.
We find that domestic business cycles more accurately predict the probability of reaction and the extent of the (non-zero) reaction compared to European industry fluctuations. Furthermore, within each cross-section firms tend to react homogeneously to European business cycle movements. In contrast, fluctuations in domestic demand lead to heterogeneous adjustment.
Additionally, the growth performance of fast growing small and young firms is more sensitive to recessions and booms compared to larger and older firms as well as subsidiaries of MNEs.
The remainder of the paper is organized as follows. Section 2 describes the data and presents some descriptive statistics. Section 3 specifies the two-part model and outlines the estimation strategy. Section 4 presents the estimation results and Section 5 concludes.
Data and descriptive statistics
We base the empirical analysis on data for manufacturing industries provided by several sources. Industry level value added to factor costs data are collected by the Austrian Institute of Economic Research (WIFO) and are available at the NACE (revsion 1.1) 3-digit level (NACE codes 151 to 366) for the EU 27. Exceptions are Bulgaria, Luxembourg and Romania. These In contrast to Boeri and Bellmann (1995) and Bhattacharjee, Higson, Holly and Kattuman (2009) , this paper solely focuses on the impact of cyclical fluctuations on the performance of surviving firms. Since the AMADEUS database only poorly reports firm exit, a reliable analysis of these firms is impossible. However, existing empirical evidence indicates a limited importance of business cycles for firm exit (Boeri and Bellmann 1995; Bhattacharjee et al. 2009 ).
5 The Bureau van Dijk distributes the AMADEUS database, which (in its update from November 2006) includes financial statements, profit and loss accounts and information on companies' organizational structure of 8.8 million firms located in 40 European countries.
6 The list of countries include 2 new member states, namely Poland and Slovakia, and 12 countries which are part of the EU 15. The full list of countries is reported in Table 3 . Tables 2 and 3 show descriptive statistics for the relationship between firm growth, European industry growth and country specific total manufacturing growth at a more disaggregated level, while in Table 4 a simple analysis of variance (ANOVA) is reported. The ANOVA allows to split Notes: Firm-i refers to the average employment growth rate of firms within the sample in a given NACE 2-digit industry in the respective year. Industry refers to the European value added growth rate in a given NACE 2-digit industry based on 24 countries in in the respective year and is calculated as an average of the value added growth rates of all NACE 3-digit industries within a given NACE 2-digit industry.
the variation in the individual firm growth rates into country and industry specific parts. Table 2 reports the average firm growth rate within a given NACE 2-digit industry (firm-i), the corresponding average European industry value added growth rate and the correlation between both for each observed year. The European NACE 2-digit industry value added growth rate is calculated by averaging all NACE 3-digit industry growth rates within each NACE 2-digit industry. Focusing only on the average firm growth rate, countries) show total manufacturing growth rates in a range from 6 to 10 percent while in Germany (Slovakia) manufacturing industry production de- Notes: Firm-c refers to the average employment growth rate of all firms within a given country in the respective year. Country refers to (total) value added growth rate within a given country in the respective year.
8 clined (increased) by about 9 (21) percent. However, similar to Table 2, Table 2 .
The ANOVA, displayed in Table 4 , allows to split the variation in the annual firm growth rates into two parts, one which can be explained by the model and the second which is unexplained. More specifically, the model contains country dummies, industry dummies (main effects) as well as interaction terms between the main effects. The country dummies capture the variation in domestic demand while industry dummies examine European industry fluctuations. In general, Table 4 shows that this dummy variable design explains only a relatively small fraction of the variation in the firm growth rates and the explanatory power becomes even worse for the reces- 1056). In other words, the variation in the growth rates of firms within a particular country is poorly explained by the fact that the firms operate in different industries.
Taking the descriptive evidence together, the data surprisingly deliver a first indication of the limited importance of European industry fluctuations for the performance of firms in this sample. The country of origin tends to be still important for differences in firm performance across Europe. However, neither European industry effects nor country specific effects seem to reasonably predict firm performance. However, a more systematic analysis of the data is needed to draw final conclusions. Therefore, econometrically we set up a two-part model in the next section.
Empirical specification and estimation strategy
We estimate the impact of business type fluctuations on firm performance at each point within one European business cycle. Subsequently, each annual cross-section of firms is separately investigated. In contrast to econometric panel data methods, this approach allows to identify different effects at several stages of the business cycles. Additionally, the very short time span in the data set renders dynamic panel estimation impossible. Unfortunately, this approach is unable to control for unobserved heterogeneity across firms.
However, the majority of contributions in the empirical firm growth literature uses cross-sectional data, which permits a direct comparison with the obtained results.
The structure of the data (see Table 1 ) requires a careful consideration of the non-reacting firms. Accordingly we consider a two-part model. The first part describes the binary choice between reaction and non-reaction to business cycle fluctuations for a particular firm i in period t:
Based on equation (1) we parameterize the probability of y * it = 1 such that:
where F (.) is the cumulative logistic function, β is a vector of estimation coefficients and x it contains the explanatory variables of firm i at time t.
In contrast to standard formulations of two-part models the dependent variable in our model is not restricted in any way. 7 Accordingly, the second part of the model which only governs the non-zero outcomes of the dependent variable (i.e. the current annual firm growth rate g it ) is modeled under the linearity assumption:
where γ is another vector of parameters to be estimated with ordinary least squares (OLS) and x it is defined as above. Note that, in principle, the firm specific vector of explanatory variables (x it ) does not need to be the same in the first and second part of the model. Since the two-part model allows the explanatory variables to affect the probability of an outcome and the magnitude of the non-zero outcome in a different way, in this application the same explanatory variables are included in both parts of the model.
Furthermore, the conditional mean of the two-part model is given by:
Since E(y * it = 0|x it ) = 0, the conditional mean function simply reduces to the conditional mean of non-zero outcomes multiplied with the probability of a non-zero outcome. In addition, equation (4) provides an easy way to calculate conditional means for different firm cohorts.
The empirical model contains firm specific characteristics (i.e. firm size, firm age and information concerning the current MNE subsidiary status) as explanatory variables. Moreover, European NACE 3-digit industry value added growth rates a country's total value added growth rates and interactions between all firm characteristics and the (European and total manufacturing) value added growth rates are included in x it .
Firm size and firm age are captured by dummy variables based on the quartiles of the respective distributions in the previous year. Technically, each distribution is split into its quartiles and four dummy variables are constructed indicating whether a firm is located within the respective quartile of each distribution. This approach enables us to construct different cohorts of firms which share similar characteristics. Consequently, this approach delivers a straight-forward testing procedure for the hypothesis of heterogeneous adjustment to business type fluctuations. The interaction terms of several firm characteristics with European industry value added growth rates and domestic total manufacturing growth rates capture potential heterogeneity with respect to the adjustment to business type fluctuations. In contrast to heterogeneous adjustment models, reaction to the business cycles is only modeled to be heterogeneous across firm cohorts, while within each cohort the reaction is assumed to be homogeneous.
One strand of the the empirical firm growth literature argues that firm growth dynamics differ between purely national companies and subsidiaries of MNEs (see, Buckley, Dunning and Pearce 1984; Cantwell and SannaRandaccio 1993; Bloningen and Tomlin 2001; Belderbos and Zou 2007; Oberhofer and Pfaffermayr 2008) . Accordingly, we hypothesize that subsidiaries of MNEs react differently to business cycle fluctuations. As mentioned above, information on the organizational structure of firms is only reported for one point in time in each AMADEUS version. Therefore, we use several different versions of the database to construct a dummy variable which for each firm in each year takes on the value 1 if the firm is a subsidiary of a MNE and 0 otherwise. 8 Law type of regressions (see, e.g., Evans 1987b; Variyam and Kraybill 1992; Cabral 2007) . The logit models indicate that large firms are more likely to exhibit non-zero growth rates compared to the reference group. This result indicates that convergence in firm size might be driven by the fact that small, young, non-MNE subsidiary firms are more likely to show a constant firm size (i.e. g it = 0), than large firms which tend to have negative growth rates. Finally, the MNE subsidiary main effect indicates a higher probability of non-zero growth rates compared to the smallest, youngest, non-MNE subsidiary firms in the sample. Nevertheless, the estimated growth rate of MNE subsidiaries is statistically not different from the growth rate of the reference group. Here the only exception is the year 2000 where MNE subsidiaries show moderately higher growth rates. The interaction effects of the MNE dummy with the European industry growth rate are insignificant Table 6 reports for each year the conditional means for several firm cohorts. Columns (1) and (2) report conditional probabilities for non-zero growth rates, and the conditional mean growth rates for the firms with nonzero growth rates. Finally, columns (3) show the conditional mean growth rates for the entire sample. All calculations are based on the conditional mean equation (4). More specifically, columns (3) in the first row show the conditional means for the smallest, youngest, non-MNE subsidiary firms in the sample, which is given by the combined effect of Constant + European industry growth + Total manufacturing growth from the OLS regression multiplied with the probability of a non-zero outcome which is again based on the combined effect of Constant + European industry growth + Total manufacturing from the logit model. Additional main effects and interaction terms enter the calculation of the conditional probabilities, conditional mean growth rates for the firms with non-zero growth rates, and the (overall) conditional mean for all other reported cohorts.
Estimation results
The conditional means in Table 6 indicate that, on average, the smallest, youngest, non-MNE subsidiary firms exhibit the highest growth rates in all years. However, the relative difference in the conditional average growth rate between boom and recession years is largest for this cohort suggesting a relatively pronounced sensitivity of small, young, non-MNE firms to business cycle movements. Subsidiaries of MNEs show slightly negative growth rates in the recession years, but the MNE cohort is estimated to be the most stable group of firms. This result is in line with previous findings by Oberhofer . Their findings suggest that MNE corporate groups (as a whole) are more stable than lone standing firms.
Interestingly, the conditional probability of a non-zero outcome monotonically increases with firm size and firm age. While only less than 43 Notes: Columns (1) report the conditional probabilities for non-zero growth rates (P (y * it = 1|xit)) while columns (2) present the conditional mean growth rates of non-zero outcomes (E(yit|xit, y * it = 1)) for the mentioned firm cohorts, respectively. In Columns (3) the (overall) conditional mean growth rates are reported.
percent of the smallest, youngest non-MNE subsidiary firms are expected to show non-zero growth rates more than 8o percent of the largest and oldest non-MNE subsidiaries are intended to change their firm size in each year.
However, the probability of non-zero growth rates is highest for the MNE subsidiary cohort throughout the whole sample period. Therefore columns (2) show that the sensitivity with respect to the growth performance of small, young, non-MNE subsidiary firms with non-zero employment growth is even more pronounced.
Conclusions
Based on the empirical firm growth literature and on heterogeneous (microeconomic) adjustment models, this paper empirically investigates the impact of European industry fluctuations and domestic business cycles on the growth performance of European firms. The structure of the firm level data at hand (i.e. relative high share of zero growth rates) requires a careful econometric treatment. In particular, a two-part model is proposed. In its first part this model examines the probability of a non-zero reaction to business type fluctuations while the second part analyzes the extent of the adjustment.
In general, our results suggest that European industry fluctuations are not able to sufficiently explain variation in firm growth rates of European firms. Instead, domestic cyclical production movements tend to better predict the probability of reaction and the extent of the (non-zero) adjustment.
Additionally, domestic demand fluctuations create detectable heterogeneity in the reaction among several cohorts of firms, while the adjustment to European industry booms and recessions tends to be homogeneous.
Concerning the different firm cohorts and in line with standard results from the empirical firm growth literature, the smallest, youngest non-MNE subsidiary firms show the highest growth rates indicating convergence in firm size (measured in terms of employment) within European industries.
However, in relative terms the cohort of the smallest, youngest MNE subsidiaries are most intensely affected by cyclical movements. In contrast, the firm size of MNE subsidiaries tend to be relatively stable during a business cycle.
Since this empirical investigation uses data from a time period (2000) (2001) (2002) (2003) of relatively moderate macroeconomic development, more pronounced results might be obtained using more severe cyclical movements. For this reason, the proposed model should be reconsidered using firm and industry level data including the currently observed recession.
